The submandibular gland is a rich source of epidermal growth factor (EGF) in mice. The concentration of EGF in the gland of virgin female mice of C3H/HeN strain increased as much as 9-fold from the age of 30 to 52 weeks. During this period, the incidence of mammary tumor in virgin females increased markedly to a maximal level of 62.5% (n = 48) at 52 weeks of age. Removal of the submandibular gland (sialoadenectomy) of virgin mice 14-22 weeks old reduced the tumor incidence to 12.8% (n = 39) at the age of 52 weeks and also increased the latency period of mammary tumor development as much as 14 weeks when compared to that of normal mice. Long-term treatment of sialoadenectomized virgin mice with EGF (5 jug per mouse every other day) increased the tumor incidence to 33.3%. Moreover, sialoadenectomy of mammary tumor-bearing animals caused a rapid and sustained cessation of tumor growth, but EGF administration (5 ,.g per mouse per day) quickly restored the rate of tumor growth to a normal level. Thepe results indicate that submandibular gland EGF plays a crucial role in mouse mammary tumorigenesis.
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Epidermal growth factor (EGF), a single-chain polypeptide consisting of 53 amino acid residues, is produced by the mouse submandibular gland (1) . EGF has diverse biological actions both in vivo and in vitro, influencing proliferation, differentiation, and functional activities of various types of cells (1, 2) . EGF has been shown to stimulate proliferation of mouse mammary epithelial cells (3) (4) (5) (6) , whereas it inhibits functional differentiation of these cells (5, 6) . Our recent studies involving pregestational sialoadenectomy of female mice have indicated that EGF plays a physiological role in the development of the mammary gland during pregnancy (7, 8) .
In recent years, several lines of evidence have implicated EGF in the processes of neoplastic transformation. It has been shown that EGF stimulates cell proliferation in cultured tumor cells (1, 9, 10) , enhances the carcinogenicity of methylcholanthrene in mouse skin tumor (11) , and potentiates the tumorigenicity of Kirsten sarcoma virus in rat ovarian granulosa cells (12) . EGF has also been shown to share amino acid sequence homology with transforming growth factor (13, 14) . More recently, it was reported that the EGF receptor has a strong amino acid homology with the product of an oncogene, avian erythroblastosis virus (15) .
Earlier studies have established that certain strains of mice, such as C3H, have a high incidence of mammary tumors (16, 17) . Formation of these tumors has been shown to be related to a virus that is transmitted by the milk of females to the young (16, 17) . Because of accessibility to palpation and predictable frequency, this mammary tumor system provides an invaluable tool in various aspects of cancer research.
Based on our previous studies of EGF in the development ofthe mouse mammary gland (5) (6) (7) (8) and the findings that EGF mimics the effect of the tumor promotor phorbol ester in this system (18) , it was of interest to assess a possible role of the submandibular gland EGF in mouse mammary tumorigenesis. In the present study, we have taken several experimental approaches such as sialoadenectomy and EGF replacement to examine the role of EGF in the processes of mammary neoplasia in vivo. Our data indicate that submandibular gland EGF plays a critical role in the growth of mammary tumors in mice. Virgin female mice of C3H strain have a high incidence of mammary tumors during the latter half of the first year of life (16, 17) . To examine the possible physiological role of the submandibular EGF in mammary tumorigenesis, sialoadenectomy (removal of the submandibular gland) was performed on virgin females 14 or 22 weeks old, and the incidence of mammary tumors was examined up to 52 weeks of age. No apparent signs of abnormality were found in sialoadenectomized animals during the entire experimental period, as judged by their body-weight gain, uptake of food and water, and gross appearance. Fig. 2 shows the incidence of mammary tumor as a function of age in normal (control) and sialoadenectomized virgin mice. Mammary tumors in normal females were first detected at 31 weeks of age, and thereafter the tumor incidence increased progressively with age. The most rapid increase occurred between 42 to 46 weeks of age. The tumor incidence reached a plateau level at 52 weeks of age, which amounted to 62.5%. This value is in good agreement with that reported previously (16) . It is noteworthy that the temporal pattern of mammary tumor incidence closely follows the increase in the submandibular gland EGF that occurs after 30 weeks of age (Fig. 1) . By contrast, the incidence of mammary tumor was greatly reduced in sialoadenectomized mice: it was only 12.8% at 52 weeks of age. No difference in the tumor incidence was observed in mice sialoadenectomized at the age of 14 or 22 weeks. Moreover, the latency period of tumor incidence was prolonged as much as 14 weeks in sialoadenectomized mice when compared with that of normal females. Mice that were sialoadenectomized at 14 weeks of age and then given EGF treatment (5 ,g per mouse) every other day up to the age of 52 weeks had a 33.3% of incidence of mammary tumor (data not shown). This was significantly higher than that in sialoadenectomized mice not given EGF (P < 0.05).
MATERIALS AND METHODS
In the study described above, we also found that in the control group the number of mammary tumors per mouse varied from 1 to 5 with an average of 1.6, whereas sialoadenectomized tumor-bearing mice usually had only 1 tumor per mouse. In addition, the maximal growth rate of tumors in normal mice was roughly twice as fast as that in sialoadenectomized mice (data not shown). Autopsy examination revealed no macroscopic sign of metastasis of mammary tumor in either group of animals.
Histological examination of mammary tumors found in normal female mice indicated that they are composed of small cuboidal epithelial cells (Fig. 3A) . The glandular pattern was greatly distorted and the amount of stroma was relatively small. These features resemble type B adenocarcinoma, which is common in C3H strain of mice (17) . The appearance of the tumors found in sialoadenectomized mice indicated a somewhat more organized pattern of ductal and glandular structure (Fig. 3B) . In addition, these tumors contained more stromal elements (Fig. 3B) . The results presented above demonstrate that long-term sialoadenectomy substantially decreased the incidence of the mouse mammary tumor. As an extension of these studies, it became of interest to examine the short-term effect of sialoadenectomy on the growth of the tumors. The results of such experiments are shown in Fig. 4 . Normal virgin females bearing mammary tumors were divided into two groups. One group served as control; the others were sialoadenectomized on the 20th day after the detection of tumor. It is seen that mammary tumors in the control group grew extensively during 58 days, whereas sialoadenectomy completely prevented further growth of the tumor. Moreover, when EGF was administered daily to those sialoadenectomized mice at later times, the tumor quickly resumed its growth at a rate similar to that in the control group over the ensuing 30 days. Other experiments not presented here indicated that when sialoadenectomy was performed on tumor-bearing mice at different times, it invariably inhibited the growth of mammary tumor for a period of 30-60 days.
DISCUSSION
It has been well established that the C3H strain of mice has a high incidence of mammary tumors during the later part of life (16, 17) . Earlier studies demonstrated the importance of an agent in the milk ofthe females, which is transmitted to the young (16, 17) . This agent has been shown in later studies to be a virus (16, 17) . It has been recognized that the etiology of mammary tumor is complex, involving viral, genetic, and humoral factors (16, 17, 19) . It is generally thought that the virus modifies the responsiveness of the mammary tissue, so that with a favorable genetic constitution and the proper hormonal stimuli, some mammary epithelial cells develop into mammary tumor (19) .
The submandibular gland has been shown to serve as a major source of EGF in mice (1, 2) . Earlier studies (3-6) have indicated that EGF exerts profound biological actions on mouse mammary epithelial cells by affecting their proliferation and functional differentiation in in vitro systems. It has been also shown (5) that normal mouse mammary epithelial cells possess specific EGF receptors. Recently, we have presented several lines of evidence indicating that the submandibular gland EGF is involved in the development of the mouse mammary gland during pregnancy (7, 8) . As an extension of our studies to assess the physiological role of submandibular gland EGF on mammary gland development, the present investigation was aimed at evaluating its possible involvement in mammary tumorigenesis in C3H/HeN mice.
The examination of EGF concentrations in the submandibular gland of virgin female mice at various ages revealed a marked sustained increase occurring after 30 weeks of age. Our recent studies indicate that this increase occurs as a result of ovarian dysfunction in aging postreproductive females (unpublished data). It is noteworthy that the increase in submandibular EGF closely preceded the appearance of mammary tumor, which was first detected at 31 weeks of age followed by a rapid increase from 42 to 46 weeks of age. The tumor incidence in normal females reached a plateau level by Proc. NatL Acad ScL USA 82 (1985) (17) .
The surgical removal of an endocrine organ and appropriate replacement therapy using a given organ-specific agent have been used as a tool in the field of endocrinology to evaluate the physiological function of the organ and its product. In the present study, sialoadenectomy and EGF treatment were used to assess the role of submandibular EGF in mammary tumorigenesis. The results indicate that sialoadenectomy of young animals 14-22 weeks old markedly decreases the incidence of mammary tumors occurring at later times of life. Thus, at the age of 1 year, nearly 90% of sialoadenectomized mice were free of tumors, whereas control mice exhibited a maximal tumor incidence of 63%. Moreover, EGF replacement therapy has been shown here to increase the tumor incidence significantly in sialoadenectomized mice. Because of practical limitations, the EGF treatment used in this study was given every other day at a dose of 5 pug per mouse. However, it may be possible to enhance the effect of EGF on tumor incidence by more frequent injections.
The present study also showed that a small number of sialoadenectomized mice developed mammary tumors during the first year of life. However, these tumors had a much longer period of latency and a slower rate of growth when compared with the tumors in control mice. These findings may account, at least in part, for the difference in tumor incidence found between control and sialoadenectomized mice. In addition, since EGF is implicated in the development of the normal mammary gland (7, 8) Based on the data presented in this paper, we propose that submandibular gland EGF plays a crucial role in mammary tumorigenesis. Although the precise mode of its involvement is unclear at present, the data presented here and in earlier studies (3-8, 10, 18) indicate that EGF serves as a mitogen for mammary tumor cells. In addition, the present results suggest a possible means of developing procedures to prevent and treat mouse mammary tumors by manipulating the production and/or action of submandibular gland EGF.
